BEST AVAILABLE COPY 




Europaisches 
Patentamt 



European 
Patent Office 



Bescheinigung Certificate 



PCT/EP200 4/050544 



Office europeen 
des brevets 



1 a 04. 2004 




Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europSischen Patentanmel- 
dung Oberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

03252654.3 



PRIORITY 
DOCUMENT j 

SUBMITTED OR TRANSMITTED IN 
I COMPLIANCE WITH RULE 1 7. 1 (a) OR (b) 



Der President des Europaischen Patentamts; 
1m Auftrag 

For the President of the European Patent Office 

Le President de I'Office europeen des brevets 
p.o. 



RCvan Dijk 



EPA/EPO/OEB Form 1014.1 - 02.2000 7001014 




Europalsches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Anmeldung Nr: 

Application no.: 03252654-3 
Demande no: 



Anmeldetag: 

Date of filing: 25.04.03 
Date de depot: 



Anmelder/AppHcantCs)/Demandeur(s): 

SHELL INTERNATIONALE RESEARCH 

MAATSCHAPP I J B.V. 

Carel van Bylandtlaan 30 

2596 HR Den Haag 

PAYS-BAS 



Bezelchnung der Erf 1ndung/T1 tie of the 1nvent1on/Tl tre de 1 1 Invention: 
(Falls die Bezelchnung der Erflndung nlcht angegeben 1st, slehe Beschrel bung. 
If no title Is shown please refer to the description. 
Si aucun tltre n'est IndlquS se referer a la description.) 

Method of creating a borehole in an earth formation 



In Anspruch genommene Pr1or1St(en) / Priori ty(1es) claimed /Priori t<§( s) 
revendlquee(s) 

Staat/Tag/Aktenzelchen/State/Date/Flle no./Pays/Date/Numero de depot: 



Internationale Patentkl assl f 1 katlon/Internatlonal Patent Classification/ 
Classification Internationale des brevets: 

E21B7/00 



Am Anmeldetag benannte Vertragstaa ten/Contracting states designated at date of 
flHng/Etats contractants designees lors du depot: 

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL 
PT R0 SE SI SK TR LI 



03252654. 3 
EPA/EP0/0EB Form 1014.2 - 01.2000 



7001014 



2 



- 1 - 



10 



TS 6409 RPr 
Cau 

METHOD OF CREATING A BOREHOLE IN AN EARTH FORMATION 

The present invention relates to a method of 
creating a borehole in an earth formation. In the 
production of hydrocarbon fluid from an earth formation, 
boreholes are drilled to provide a conduit for 
hydrocarbon fluid flowing from a reservoir zone to a 
production facility to surface. In conventional drilling 
operations the borehole is provided with tubular casing 
of predetermined length at selected intervals of 
drilling. Such procedure leads to the conventional nested 
arrangement of casings whereby the available diameter for 
the production of hydrocarbon fluid becomes smaller with 
depth in stepwise fashion. This stepwise reduction in 
diameter can lead to technical or economical problems, 
especially for deep wells where a relatively large number 
15 of separate casings is to be installed. 

In the description below the terms "casing" and 
"liner" are used without implied distinction between such 
terms, whereby both terms generally refer to tubular 
elements used in wellbores for strengthening and/or 
sealing same. 

To overcome the drawback of a nested casing scheme it 
has already been proposed to use a casing scheme whereby 
individual casings are radially expanded after 
installation in the borehole. 

WO 99/35368 discloses a method whereby casings of- 
predetermined length are installed and expanded in the 
borehole. After installing and expanding each casing, the 
borehole is deepened further using a suitable drill 
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string, whereafter the drill string is removed from the 
borehole. A next casing is lowered through the expanded 
previous casing section and subsequently expanded in the 
newly drilled borehole portion, etcetera. 

A drawback of the known method, especially for 
relatively deep boreholes is that the steps of lowering 
and expanding casings have to be repeated many times, 
even if certain borehole sections could have been drilled 
deeper without setting casing. Moreover, for each 
subsequent casing, any overlap portion with the previous 
.casing section has to be sealed. Furthermore, such 
repetition of setting and expanding casing adds to the 
drilling time and potentially affects the technical and 
economical feasibility of the wellbore. 
15 A further drawback of the known method is that the 

amount of shortening of the casing as a result of the 
expansion process is generally unknown before expanding 
the casing since frictional forces between the casing and 
the borehole wall may vary significantly. For example, if 
an expander is progressed upwardly through the casing to 
expand same, it is generally unknown beforehand at which 
borehole depth the upper end of the casing will be 
located after the expansion process. 

In view thereof, there is a need to provide an 
25 improved method which overcomes the drawbacks of the 

known method. 

In accordance with the invention there is provided a 
method of creating a borehole in an earth formation, the 
method comprising the steps of: 
30 a ) drilling a section of the borehole and lowering an 

expandable tubular element into the borehole whereby a 
lower portion of the tubular element extends into the 
drilled borehole section; 
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b) radially expanding said lower portion of the tubular 
element so as to form a casing in the drilled borehole 
section; and 

c) separating an upper portion of the tubular element 
from said lower portion so as to allow the separated 
upper portion to be moved relative to said lower portion. 

It is thereby achieved that the borehole section can 
be drilled to a depth at which circumstances dictate that 
setting of a new casing is required. Such circumstances 
could, for example, relate to swelling shale layers 
encountered during drilling, the occurrence of drilling 
fluid losses into the formation, or formation fluids 
entering the borehole. The casing is set by expanding the 
lower portion of the tubular element to form the casing. 
The upper portion of the tubular element is separated 
from the lower portion to allow removal of the upper 
portion. By separating the upper portion from the lower 
portion it is achieved that the length of the casing can 
be adapted to the depth to which the borehole was 
actually drilled. Thus, there is no longer a need to 
install • casing sections of predetermined lengths at 
predetermined positions in the borehole. 

Also it is achieved that the location where the upper 
and lower tubular element portions are separated from 
each other can be selected independently from the amount 
of shortening of the tubular element resulting from the 
expansion process. 

Preferably step c) is carried out after step b) , 
however alternatively step c) can be carried out before 
step b) . 

Suitably, the method further comprises the step of: 

d) lowering said separated upper portion through the 
expanded lower portion formed in preceding step b) . Thus 



there is no need to retrieve the upper tubular element 
portion from the borehole so that "tripping time" is 
thereby reduced. An additional advantage is that a 
smaller drilling rig can be used since there is no need 
to store individual joints of the retrieved upper tubular 
element portion at the drill floor. 

In an attractive embodiment of the method of the 
invention, at least one of step a) , steps a) and b) , 
steps a), b) and c) , and steps a), b) , c) and d) is 
repeated until the desired borehole depth is reached, 
whereby: 

in each repeated step a) the borehole section is 
drilled subsequent to the borehole section drilled in the 
preceding step a) , whereby the latter borehole section is 
defined to be the previous borehole section; 

in each repeated step a) the tubular element to be 
lowered is the upper portion of the tubular element 
resulting from the preceding step c) ; 

in each repeated step b) the casing is formed 
subsequent to the casing formed in the preceding step b) , 
whereby the latter casing is defined to be the previous 
casing. In this manner a borehole and casing scheme of 
substantially uniform diameter can be achieved, as 
opposed to the "nested" casing arrangement in 
conventionally drilled boreholes. 

Advantageously, in each step a) the tubular element 
is lowered into the drilled borehole section 
simultaneously with drilling of the borehole section. It 
is thereby achieved that the tubular element is at all 
times in the drilled borehole section so that the drill 
string does not have to be removed before the casing is 
lowered into the borehole. Such removal takes time and 
increases the risk of collapse of the open hole thereby 



causing an obstruction in the hole. Lowering of the 
casing may be hampered by such obstruction, and it may be 
required to reinstall the drill string to overcome the 
problem. 

To create an overlapping casing arrangement, suitably 
in each step c) said upper portion is separated from said 
lower portion at a position where the tubular element 
extends into the previous casing arranged in the 
borehole. It is preferred that said previous casing has a 
lower end part of enlarged inner diameter relative to the 
remainder of the previous casing, and wherein said upper 
tubular element portion is separated from said lower 
tubular element portion at a position within said lower 
end part of the previous casing. 

Suitably, in each step c) said upper portion is 
separated from said lower portion by cutting the tubular 
element. Adequately the tubular element is cut at a 
location where the tubular element is substantially 
unexpanded. 

Suitably, in the last step d) said upper portion is 
expanded against the previously installed casings. It is 
thus achieved that two layers of tubular protect the flow 
conduit from the formation. 

In another aspect of the invention, there is provided 
a drilling assembly for use in the method of the 
invention, the drilling assembly being of a size allowing 
the assembly to be moved through the tubular element when 
unexpanded, the drilling assembly comprising a drill bit, 
a downhole motor arranged to drive the drill bit, and 
movement means for moving the drilling assembly through 
the tubular element. 

In a further aspect of the invention there is 
provided an expansion assembly for use in the method of 
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the invention, the expansion assembly being operable 
between a radially expanded mode in which the expansion 
assembly is of a diameter larger than the inner diameter 
of the tubular element when unexpanded, and a radially 
retracted mode in which the expansion assembly is of a 
diameter smaller than the inner diameter of the tubular 
element when unexpanded, and wherein the expansion 
assembly comprises actuating means for actuating the 
expansion assembly between the radially expanded mode and 
the radially retracted mode thereof. 

The invention will be described hereinafter by way of 
example in more detail with reference to the accompanying 
drawings, in which: 

Fig. 1 schematically shows a drilling assembly used 
15 in an embodiment of the method of the invention; 

Fig. 2 schematically shows the drilling assembly of 
Fig. 1 during a drilling stage; 

Fig. 3 schematically shows the drilling assembly of 
Fig. 1 after drilling of a borehole section; 
20 Fi( 3- 4 schematically shows the drilling assembly of 

Fig. 1 before retrieval thereof to surface following 
drilling of the borehole section; 

Fig. 5 schematically shows the drilling assembly of 
Fig. 1 during retrieval thereof to surface following 
25 drilling of the borehole section; 

Fig. 6 schematically shows an expansion assembly used 
in an embodiment of the method of the invention, during 
lowering thereof into the borehole; 

Fig. 7 schematically shows the expansion assembly of 
Fig. 6 in a position before start of the expansion 
process; 

Fig. 8 schematically shows the expansion assembly of 
Fig. 6 during an initial stage of the expansion process; 
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Fig. 9 schematically shows the expansion assembly of 
Fig. 6 during a subsequent stage of the expansion 
process; 

Fig. 10 schematically shows the expansion assembly of 
Fig. 6 during cutting of the tubular element to separate 
an upper portion thereof; 

Fig. 11 schematically shows the expansion assembly of 
Fig. 6 during expansion of the upper end part of the 
lower portion of the tubular elements- 
Fig. 12 schematically shows the expansion assembly of 
Fig. 6 during retrieval thereof through the separated 
upper portion, to surface; 

Fig. 13 schematically shows the drilling assembly of 
Fig. 1 before anchoring thereof to the separated upper 
15 portion of the tubular element ; 

Fig. 14 schematically shows the drilling assembly of 
Fig. 1 after anchoring thereof to the separated upper 
portion of the tubular elements- 
Fig. 15 schematically shows the drilling assembly of 
20 Fig. 1 at the start of drilling a subsequent borehole 

section; 

Fig. 16 schematically shows the drilling assembly of 
Fig. 1 during drilling of the subsequent borehole 
section; 

Fig. 17 schematically shows the drilling assembly of 
Fig. 1 before retrieval thereof to surface following 
drilling of the subsequent borehole sections- 
Fig. 18 schematically shows the drilling assembly of 
Fig. 1 during retrieval thereof to surface following 
drilling of the subsequent borehole section; 

Fig. 19 schematically shows a borehole after drilling 
of the borehole as shown in Figs. 1-18; 
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Fig. 20 schematically shows a first possible 
completion after drilling of the borehole as shown in 
Figs. 1-18; 

Fig. 21 schematically shows a second possible 
5 completion of the borehole after drilling of the borehole 

as shown in Figs- 1-18; and 

Fig. 22 schematically shows a third possible 
completion of the borehole after drilling of the borehole 
as shown in Figs. 1-18. 
10 In the Figures, like reference numbers relate to like 

components . 

Referring to Figs. 1-5 there is shown a borehole 1 
formed in an earth formation 2 during various stages of 
drilling of a section of the borehole 1. A steel surface 

15 casing 3 is fixedly arranged in an upper section 4 of the 

borehole 1, the surface casing 3 having a lower end 
part 6 (hereinafter referred to as "the bell 6") of inner 
diameter slightly smaller than Dl + 2*t, wherein the 
meaning of Dl and t are explained hereinafter. A steel 

20 expandable tubular element 8 of outer diameter smaller 

than the inner diameter of said remaining part of the 
casing 3, extends into the surface casing 3. 

A drilling assembly 10 is arranged in the tubular 
element 8 at the lower end thereof such that part of the 

25 drilling assembly 10 extends below the tubular element 8. 

The drilling assembly 10 includes successively in 
downward direction: 

a radially expandable top packer 12 for sealing the 
drilling assembly 10 relative to the casing 3, 

30 a MWD/LWD (measurement while drilling/logging while 

drilling) package 14, 

a hydraulic motor 16 operable by drilling fluid, 
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- a radially expandable anchor 18 for anchoring the 
drilling assembly 10 in the tubular element 8, 

- a casing locator 20 for detecting the lower end of 
the tubular element 8, 

- a steering device 22 for steering the drilling 
assembly 10 in the borehole 1, 

™ a logging sensor unit 24 for logging while drilling, 

a radially expandable underreamer drill bit 26 
arranged to be driven by the motor 16, and suitable to 
drill the borehole 1 to a diameter larger than the outer 
diameter of the tubular element 8 after expansion 
thereof, and 

- a pilot drill bit 28 arranged to be driven by the 
motor 16. The order of the various assembly elements can 

15 be different from the order described above. 

At the stages of Figs. 4 and 5 a wireline 32 extends 
from a winch 34 at surface through the tubular element 8, 
the wireline 32 being at the lower end thereof provided 
with a connection member 35. The upper end of the 
drilling assembly 10 is provided with a corresponding 
connection member (not shown) into which the connection 
member 35 of the wireline can be latched so as to connect 
the wireline 32 to the drilling assembly 10. The 
wireline 32 is provided with an electric conductor (not 
shown) connected to an electric power source (not shown) 
at surface. The top packer 12 and the anchor 18 are 
operable by electric power provided through the electric 
conductor when the wireline 32 is connected to the 
drilling assembly 10. Referring to Figs. 6-12 there is 
shown the borehole 1 during various stages of forming a 
casing in the borehole. An expansion assembly 36 extends 
into tubular element 8 and is suspended on the 
wireline 32 (or a similar wireline) by connection 
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member 35 latched into a connection member (not shown) of 
the expansion assembly 36. The expansion assembly 36 
includes successively in downward direction: 

a cutter 38 for cutting the tubular element 8, 

an electric motor 40, 

a fluid pump 42 arranged to be driven by the electric 
motor 40, 

a casing locator 44 for detecting the lower end of 
the tubular element 8, 

an upper conical expander 4 6 operable between a 
radially expanded mode in which expander 4 6 has a first 
outer diameter Dl larger than the inner diameter of the 
tubular element 8 when unexpanded, and a radially 
retracted mode in which expander 46 is of outer diameter 
smaller than the inner diameter of the tubular element 8 
when unexpanded, whereby the expander 4 6 is provided with 
a primary hydraulic drive system (not shown) for 
actuation of the expander 4 6 between said modes, the 
primary hydraulic drive system being arranged to be 
selectively driven by fluid pump 42, 

a lower conical expander 48 operable between a 
radially expanded mode in which expander 48 has a second 
outer diameter D2 larger than said first outer 
diameter Dl, and a radially retracted mode in which 
expander 4 8 is of outer diameter smaller than the inner 
diameter of the tubular element 8 when unexpanded, 
whereby the expander 4 8 is provided with a secondary 
hydraulic drive system (not shown) for actuation of the 
expander 48 between said modes, the secondary hydraulic 
drive system being arranged to be selectively driven by 
fluid pump 42. 
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The cutter 38 and the electric motor 49 are operable 
by electric power provided through the electric conductor 
in the wireline 32. 

The order of the various assembly elements can be 
different from the order described above. 

The diameters Dl and D2 are selected such that D2 is 
slightly smaller than Dl + 2 *t wherein t denotes .the wall 
thickness of tubular element 8 . 

At the stages shown in Figs. 11 and 12 the tubular 
element is separated into an upper tubular element 
portion 50 and a lower tubular element portion 52. 

Referring to Figs. 13-18 there is shown the 
borehole 1 during various stages of drilling of a 
subsequent section of the borehole 1. 

During normal operation the drilling assembly 10 is 
inserted into the tubular element 8 at the lower end 
thereof, whereby the underreamer drill bit 26 and the 
pilot drill bit protrude below the tubular element 8. The 
anchor 18 is brought into the expanded state thereof so 
that the drilling assembly 10 becomes firmly anchored in 
the tubular element 8, and the top packer 12 is brought 
in the expanded state thereof so that the drilling 
assembly 10 becomes sealed relative the tubular 
element 8. The tubular element 8 with the drilling 
assembly 10 anchored thereto is then lowered (in 
direction of arrow 53) into the initial upper borehole 
section 4, through surface casing 3 {Fig. 1) . 

Lowering of the combined tubular element 8 and 
drilling assembly 10 proceeds until the pilot drill 
bit 28 reaches the borehole bottom, whereafter the 
underreamer drill bit 26 is expanded. Drilling of a 
section la of the borehole 1 below the initial upper 
section 4 is then started by pumping a stream of drilling 
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fluid 54 from a pump (not shown) at surface through the 
tubular element 8 to the drilling assembly 10 so that the 
hydraulic motor 16 is thereby operated to rotate the 
pilot drill bit 28 and the underreamer drill bit 26. As a 
result the borehole section la is drilled, whereby the 
rock cuttings are transported to surface by the return 
flow of stream flowing upwardly between the tubular 
element 8 and the surface casing 3 (Fig. 2) . 

Drilling of the bo.rehole section la proceeds until it 
is required to case the newly drilled borehole 
section la. Such requirement can relate to circumstances 
dictating setting of casing, such circumstances for 
example being the occurrence drilling fluid losses into 
the formation or the occurrence of swelling shale 
encountered during drilling. A lower end part of borehole 
section la is drilled to an enlarged diameter by further 
expanding the underreamer drill bit 26. Pumping of 
drilling fluid is then stopped to stop drilling, and the 
underreamer drill bit 26 is retracted to the retracted 
position thereof (Fig. 3) . 

Next the wireline 32 is lowered (in direction of 
arrow 56) by winch 34 until the connection member 35 
latches into the connection member of the drilling 
assembly 10 (Fig. 4), and the anchor 18 and the top 
packer 12 are retracted to their respective radially 
retracted positions. 

Subsequently the drilling assembly 10 is retrieved 
(in direction of arrow 57) through the tubular element 8 
to surface by operation of the winch 34 (Fig. 5), and the 
wireline 32 is disconnected from the drilling assembly 10 
at surface. 

The wireline 32 (or another similar wireline) is then 
connected to the expansion assembly 36 by latching 
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connection member 35 into the connection recess of the 
expansion assembly 36. The upper and lower expanders 4 6, 
4 8 are brought to their respective radially retracted 
modes, and then the expansion assembly 36 is lowered (in 
direction of arrow 58) through the tubular element 8 
(Fig. 6) . 

Lowering of the expansion assembly 36 is stopped when 
the expansion assembly 36 is at a position at the lower 
end of the tubular element. 8, whereby the expanders 4 6, 
48 extend below the tubular element 8 (Fig. 7) . 

The electric motor 40 is then operated by electric 
power provided through the. electric conductor in 
wireline 32 so as to drive the fluid pump 42. Initially 
both the primary and the secondary hydraulic drive 
systems are selected to be driven by the pump 42 so that, 
as a result, said hydraulic drive systems induce the 
respective expanders 4 6, 48 to move between their 
respective expanded and retracted modes in alternating 
fashion. Simultaneously a moderate tensional force is 
applied to the wireline 32 so that, during each cycle 
that both expanders 4 6, 48 are in their respective 
retracted modes, the expansion assembly 36 progresses 
incrementally through the tubular element 8 (in direction 
of arrow 59) . Further, the expander 46 expands the 
tubular element 8 to inner diameter Dl and the 
expander 48 expands the tubular element 8 to inner 
diameter D2 during each cycle that the expanders 4 6, 4 8 
move from their respective radially retracted mode to 
their radially expanded mode (Fig. 8) . 

The secondary hydraulic drive system is turned off as 
soon as a selected length of tubular element 8 has been 
expanded to inner diameter D2, so that the lower 
expander 48 remains in the retracted mode and the 



expansion process proceeds by operation of upper 
expander 46 operating only. As a result, a lower end 
part 60 (hereinafter referred to as "the bell 60") of 
tubular element 8 is expanded to inner diameter D2 and 
the remainder of tubular element 8 is expanded to inner 
diameter Dl (Fig. 9) . As will be described hereinafter, 
the function of the bell 60 is to provide overlap with a 
tubular element portion deeper in the borehole. Thus the 
length of the bell 60 is to be selected with requirements 
relating to such overlap, for example relating to sealing 
•requirements for overlapping tubular element portions. 

The expansion process is stopped when the cutter 38 
becomes positioned near the upper end of the bell 6 of 
surface casing 3 . In a next step, the cutter 38 is 
operated to cut the tubular element 8 so as to separate 
the tubular element 8 into an upper portion 64 and a 
lower portion 66 (Fig. 10) . 

Since the cutter 38 is arranged upwardly from the 
expander 46, the lower tubular element portion 66 has an 
unexpanded upper end part 68. After cutting tubular 
element 8 is finalised, operation of the upper 
expander 4 6 is resumed so as to expand the remaining 
unexpanded upper portion 68. Since the bell 6 of surface 
casing 3 has an inner diameter slightly smaller than 
Dl + 2*t, the upper end part 68 of tubular element 8 will 
be expanded tightly against the bell 6 so as to form a 
metal-to-metal seal. Optionally an annular seal element 
(not shown) can be arranged between tubular element 8 and 
bell 6 to provide additional sealing functionality. Such 
seal element can be made, for example, of elastomeric 
material or ductile metal (Fig. 11) . 

When expansion of lower tubular element portion 66 is 
complete the upper expander 4 6 is brought to the radially 
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retracted mode thereof, and the expansion assembly 36 is 
retrieved to surface ,in direction of arrow 70, by mea ns 
of wireline 32 and winch 34 (Fig. 12) . 

in a next step the drilling assembly 10 ,„ similar 
drrllrng assembly, is lowered on wireline 32 (or similar 
Wireline, through the upper portion 64 of tubular 
element 8, whereby the top packer 12, the anchor 8 and 
the underreamer drill bit 26 are in their respective 
radially retracted positions. Lowering is stopped when 
the underreamer drill bit 26 and the piiot drill bit 28 
protrude below the lower end of tubular element 
portion 64 (rig. 13, . Jn this position Qf ^ ^ 
assembly 10, the top packer 12 and the anchor 18 are 
expanded to their respective radially expanded states so 
that the drilling assembly 10 becomes anchored and sealed 
to the tubular element portion 64 . The connection 
member 35 is then unlatched from the drilling assembly 36 
by actuating an. electric release (not shown, and the 
wrreline 32 is retrieved to surface (in direction of 
arrow 72) (Fig. 14) . 

Subsequently, the tubular element portion 64 with the 
drilling assembly anchored thereto is lowered (in 
direction of arrow 74) through the expanded tubular 
element portion 66 until the pilot drill bit 28 reaches 
the borehole bottom (Fig. -15). The underreamer drill 
bit 26 is expanded, and drilling of a subsequent borehole 
section lb below borehole section la is then started by 
pumping a stream of drilling fluid 76 through the tubular 
element portion 64 to the drilling assembly 10 so that 
the hydraulic motor 16 is operated to rotate the pilot 
drill bit 28 and the underreamer drill bit 26 As a 
result, the borehole section lb is drilled, whereby the 
rock cuttings are transported to surface by the' return 
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flow of stream 54 flowing upwardly between the tubular 
element portion 64 and the expanded tubular element 
portion 66 (Fig. 16) . 

Drilling of the borehole section lb proceeds until it 
is required to case the newly drilled borehole 
section lb, for example due to the occurrence of drilling 
fluid losses into the formation or swelling shale - 
Pumping of drilling fluid is then stopped to stop 
drilling, and the underreamer drill bit 26 is retracted 
to the retracted position thereof (Fig. 17) . 

Next the wireline 32 is lowered by winch 34 until the 
connection member 35 latches into the connection recess 
of the drilling assembly 10, whereafter the anchor 18 and 
the top packer 12 are retracted to their respective 
radially retracted states. 

Subsequently the drilling assembly 10 is retrieved to 
surface (in direction of arrow 76) through the tubular 
element portion 64 by operation of the winch 34 
(Fig. 18) . The procedure described above is then 
repeated, starting from the step of lowering the 
expansion assembly 36 through the tubular element 
portion 64, until the desired borehole depth is reached. 

In repeating the above described steps, for ease of 
reference each borehole section drilled is defined as a 
section of the borehole subsequent to the borehole 
section drilled in the preceding drilling step, and the 
tubular element is defined to be the upper portion of the 
tubular element as separated in the preceding step of 
cutting the tubular element. 

The final borehole section is drilled into a 
hydrocarbon fluid reservoir zone of the earth formation, 
which concludes the drilling phase. At this stage, the 
tubular element portion 64 can be retrieved from the 
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borehole to allow installing of a conventional completion 
(not shown) (Fig. 19) . 

The borehole can be completed in various alternative 
ways, whereby the casing 64 is not retrieved from the 
borehole, for example: 

- as a "bare foot" completion whereby no bell is needed 
in the lowest expanded tubular element portion, and 
whereby a final upper tubular element portion 80 is 
lowered through a final expanded lower tubular element 
portion 82, whereby the upper tubular element portion 80 
is left in the borehole in unexpanded state to form a 
production string for the production of hydrocarbon 
fluid, and whereby an expandable production packer 8 4 is 
lowered through the tubular element 80 on wireline, and 
set at the bottom end thereof to seal off the annulus 
between said tubular element 80 and tubular element 
portion 82. 

as a "perforated casing" completion whereby no bell 
is needed in the lowest expanded tubular element portion, 
and whereby a final upper tubular element portion 8 4 is 
lowered through a final expanded lower tubular element 
portion 8 6, which upper tubular element portion 84 is 
expanded throughout its length against the previously 
installed expanded tubular element portions to form a 
"clad" production string for the production of 
hydrocarbon fluid. The lower end part of the final upper 
tubular element portion 84 is provided with 
perforations 88 in conventional manner (Fig. 21); 

as a "sandscreen" completion whereby the upper 
tubular element 92 is expanded against the previously 
installed expanded tubular element portions, a bell 90 is 
formed in the lowest expanded tubular element portion 92, 
and whereby a sandscreen is 94 is arranged below the 
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tubular element portion 92. The sandscreen 94 suitably is 
radially expanded after installation in the borehole 
(Fig, 22) . 

In the above description the surface casing and the 
tubular element are made of steel, however any other 
suitable material can be applied for these components. 

The upper section of the borehole can be drilled and 
provided with surface casing in a conventional manner. 
Alternatively the upper borehole section can be drilled 
and provided with surface casing in the same manner as 
described above with reference to the subsequent borehole 
sections . 

Instead of applying the drilling assembly and the 
expansion assembly, suitably a single assembly having the 
functionalities of both the drilling assembly and the 
expansion assembly as described above, can be applied. 

Instead of applying a hydraulic motor in the drilling 
assembly, any other suitable motor for driving the 
underreamer drill 'bit and pilot drill bit can be applied, 
for example an electric motor. Alternatively the drill 
bit can be rotated by rotation of the tubular element. 

Vertical hole sections can be drilled without a 
steering device in the drilling assembly. 

Instead of applying an electric motor in the 
expansion assembly, any other suitable motor for driving 
the expander (s) can be applied, for example a hydraulic 
motor. In such application a conduit for supplying 
hydraulic power is suitably provided, for example a 
coiled tubing. 

Instead of applying the expanders 4 6 and 48, suitably 
a single expander with two extended positions (Dl and D2) 
can be applied. 
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Furthermore, instead of expanding the tubular element 
using the expansion assembly, which alternatingly moves 
between a radially retracted mode and a radially expanded 
mode, a conventional expander cone can be pumped or 
pulled through the tubular element to expand same. 

Preferably such expander cone, or the expander (s) 
referred to above, is collapsible to allow it to pass 
through the unexpanded tubular element. 

Sealing between the expanded tubular element portions 
and the borehole wall can be achieved by expanding the 
tubular element portions against the borehole wall. This 
can be done along the whole length of the borehole, or 
along selected borehole sections to achieve zonal 
isolation. Suitably, rubber elements are pre-installed on 
the outer diameter of the tubular element to assist 
sealing in hard formations. Such rubber elements can be 
swelleable elements. Alternatively, cement can pumped 
between the expanded tubular element portions and the 
borehole wall to achieve sealing. 

The expandable tubular element is suitably formed 
from a plurality of tubular element sections 
interconnected by welding. 

Alternatively the tubular element can be formed of 
sections interconnected by threaded connections. In such 
case the upper and lower tubular element portions are 
suitably separated from each other by unscrewing a 
selected said threaded connection, for example using a 
break-out device for unscrewing the selected threaded 
connection. Preferably such break-out device is provided 
at the expansion assembly whereby the break-out device 
replaces the cutter referred to above. 

Preferably the fluid pressure in the borehole is 
controlled using a sealing means around the tubular 
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element at surface, and a pressure control system for 
controlling the fluid pressure. 
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1- A method of creating a borehole in an earth 
formation, the method comprising the steps of: 

a) drilling a section of the borehole and lowering an 
expandable tubular element into the borehole whereby a 
lower portion of the tubular element extends into the 
drilled borehole section; 

b) radially expanding said lower portion of the tubular 
element so as to form a casing in the drilled borehole ■ 
section; and 

c) separating an upper portion of the tubular element 
from said lower portion so as to allow the separated 
upper portion to be moved relative to said lower portion. 

2. The method of claim 1, further comprising the step 
of: 

d) lowering said separated upper portion through the 
expanded lower portion formed in preceding step (b) . 

3. The method of claim 2, further comprising repeating 
at least one of step a), steps a) and b) , steps a), b) 
and c) , and steps a), b) , c) and d) until the desired 
borehole depth is reached, whereby: 

in each repeated step a) the borehole section is 
drilled subsequent to the borehole section drilled in the 
preceding step a), whereby the latter borehole section is 
defined to be the previous borehole section; 

in each repeated step a) the tubular element to be 
lowered is the upper portion of the tubular element 
resulting from the preceding step c) ; 
- in each repeated step b) the casing is formed 
subsequent to the casing formed in the preceding step b) , 
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whereby the latter casing is defined to be the previous 
casing . 

4. The method of any one of claims 1-3, wherein in each 
step a) the tubular element is lowered into the drilled 
borehole section simultaneously with drilling of the 
borehole section. 

5. The method of any one of claims 1-4, wherein in each 
step c) said upper portion is separated from said lower 
portion at a position where the tubular element extends 
into the previous casing arranged in the borehole. 

6. The method of claim 5, whereby said previous casing 
has a lower end part of enlarged inner diameter compared 
to the remainder of the previous casing, and wherein said 
upper tubular element portion is separated from said 
lower tubular element portion at a position where the 
tubular element extends into said lower end part of the 
previous casing. 

7. The method of any one of claims 1-6, wherein in each 
step c) said upper portion is separated from said lower 
portion by cutting the tubular element, or by unscrewing 
a threaded connection of the tubular element. 

8. The method of claim 7, wherein said upper portion is 
separated from said lower portion at a location where the 
tubular element is substantially unexpanded. 

9. The method of any one of claims 1-8, whereby each 
borehole section is drilled using a drilling assembly 
which is axially movable through the tubular element, and 
wherein before at least each repeated step a) the 
drilling assembly is moved downwardly through the through 
the tubular element to a position whereby the drilling 
assembly at least partly extends below the tubular 
element . 
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10. The method of claim 9, whereby in said position the 
drilling assembly is releasably connected to the tubular 
element, and wherein after drilling the borehole section, 
the drilling assembly is released from the tubular 
element and moved upwardly through the tubular element to 
surface . 

11. The method of claim 9 or 10, wherein the drilling 
assembly is moved through the tubular element by means of 
a wireline extending from surface through the tubular 
element, to the drilling assembly. 

12. The method of any one of claims 1-11, wherein each 
step b) comprises arranging an expansion assembly in said 
lower portion of the tubular element, and operating the 
expansion assembly so as to expand said lower portion. 

13. The method of claim 12, whereby the expansion 
assembly is operable between a radially expanded mode and 
a radially retracted mode in which the expansion assembly 
is movable through the tubular element, and wherein the 
expansion assembly is arranged in said lower portion of 
the tubular element by moving the expansion assembly 
downwardly through the tubular element whereby the 
expansion assembly is in the retracted mode. 

14. The method of claim 13 whereby the expansion assembly 
is arranged to expand the tubular element upon movement 
of the expansion assembly from the radially retracted 
mode to the radially expanded mode thereof, wherein the 
method comprises alternatingly moving the expansion 
assembly between the radially retracted mode and the 
radially expanded mode, and wherein the expansion 
assembly is progressed through the tubular element during 
periods of time that the expansion assembly is in the 
retracted mode. 



15. The method of claim 13 or 14, wherein the expansion 
assembly is progressed through the tubular element by 
means of a wireline, a tubular string, or a coiled tubing 
extending from surface through the tubular element/ to 
the expansion assembly. 

16. The method of any one of claims 12-15, whereby the 
expansion assembly is operable to selectively expand the 
tubular- element to a first inner diameter and to a second 
inner diameter larger than the first inner diameter, and 
wherein the expansion assembly is operated to expand a 
lower end part of said lower portion of the tubular 
element to the second inner diameter and to expand the 
remainder of said lower portion to the first inner 
diameter . 

17. The method of any one of claims 12-16, whereby the 
expansion assembly is provided with a cutter for cutting 
the tubular element or a break-out device for unscrewing 
a threaded connector of the tubular assembly, and wherein 
each step c) comprises, after expanding said lower 
portion of the tubular element operating the cutter to 
cut the tubular element, or operating the break-out 
device to unscrew a selected threaded connection of the 
tubular element, so as to separate said upper portion of 
the tubular element from said lower portion thereof. 

18. The method of claim 17, whereby the cutter or the 
break-out device is axially spaced upwardly from an 
expander of the expansion assembly, whereby said lower 
portion of the tubular element has a substantially 
unexpanded upper end part, and wherein the cutter is 
operated to cut the tubular element at said substantially 
unexpanded upper end part. 

19. The method of claim 18, further comprising after 
cutting the tubular element, or unscrewing the selected 



threaded connection of the tubular element, further 
operating the expansion assembly so as to expand said 
upper end part of the lower portion of the tubular 
element . 

20. A drilling assembly for use in the method of any one 
of claims 1-19, the drilling assembly being of a size 
allowing the assembly to be moved through the tubular 
element when unexpanded, the drilling assembly comprising 
a drill bit, a downhole motor arranged to drive the drill 
bit, and movement means for moving the drilling assembly 
through the tubular element. 

21. The drilling assembly of claim 20, wherein said 
movement means comprises a connection member for 
connecting a wireline extending from surface through the 
tubular element, to the drilling assembly. 

22. The drilling assembly of claim 21, wherein the 
drilling assembly is located in the tubular element, and 
wherein a wireline extending from surface through the 
tubular element, is connected to said connection member. 

23. The drilling assembly of any one of claims 20-22, 
further comprising anchoring means for anchoring the 
drilling assembly in the tubular element such that the 
drilling assembly at least partly extends below the 
tubular element. 

24. The drilling assembly of claim 23, wherein the 
anchoring means is radially retractable so as to release 
the drilling assembly from the tubular element upon 
radial retraction of the anchoring means. 

25. An expansion assembly for use. in the method of any 
one of claims 1-19/ the expansion assembly being operable 
between a radially expanded mode in which the expansion 
assembly has a diameter larger than the inner diameter of 
the tubular element when unexpanded, and a radially 



retracted mode in which the expansion assembly has a 
diameter smaller than the inner diameter of the tubular 
element when unexpanded, and wherein the expansion 
assembly comprises actuating means for actuating the 
expansion assembly from the radially retracted mode to 
the radially expanded mode thereof so as to expand the 
tubular element when the expansion assembly is positioned 
in the tubular element. 

26. The expansion assembly of claim 25, wherein the 
expansion assembly further comprises progressing means 
for axially progressing the expansion assembly through 
the tubular element. 

27. The expansion assembly of claim 26, wherein the 
progressing means comprises a connector member for 
connecting a wireline extending from surface through the 
tubular element, to the expansion assembly. 

2-8. The expansion assembly of claim 27, wherein the 
expansion assembly is located in the tubular element, and 
wherein a wireline extending from surface through the 
tubular element, is connected to said connector member of 
the expansion assembly. 

29. The expansion assembly of any one of claims 25-28, 
wherein the expansion assembly is selectively operable to 
expand the tubular element to a first inner diameter and 
to a second inner diameter larger than the first inner 
diameter. 

30. The expansion assembly of any one of claims 25-29, 
comprising a cutter for cutting the tubular element. 

31. The expansion assembly of claim 30, whereby the 
cutter is axially spaced upwardly from an expander of the 
expansion assembly. 

32. The method substantially as described hereinbefore 
with reference to the accompanying drawings. 
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33. The drilling assembly substantially as described 
hereinbefore with reference to the accompanying drawings 

34. The expansion assembly substantially as described 
hereinbefore with reference to the accompanying drawings 
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METHOD OF CREATING A BOREHOLE IN AN EARTH FORMATION 



A method of creating a borehole in an earth formation 
is provided. The method comprises the steps of drilling a 
•section of the borehole and lowering an expandable 
tubular element into the borehole whereby a lower portion 
of the tubular element extends into the drilled borehole 
section, radially expanding said lower portion of the 
tubular element so as to form a casing in the drilled 
borehole section, and separating an upper portion of the 
tubular element from said lower portion so as to allow 
the separated upper portion to be moved relative to said 
lower portion. 
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